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a  b  s  t  r  a  c  t
Search  for  external  knowledge  is  vital  for  ﬁrms’  innovative  activities.  To understand  search,  we  propose
two knowledge  search  dimensions:  search  space  (local  or distant)  and  search  heuristics  (experiential  or
cognitive).  Combining  these  two  dimensions,  we  distinguish  four  search  paths  –  situated  paths,  analogical
paths,  sophisticated  paths,  and  scientiﬁc  paths  –  which  respond  to recent  calls  to  move  beyond  “where  to
search”  and  to investigate  the  connection  with  “how  to search.”  Also,  we  highlight  how  the mechanisms
of  problem  framing  and  boundary  spanning  operate  within  each  search  path  to  identify  solutions  toeywords:
earch space
earch heuristics
rganizational search
nnovation intermediaries
roblem framing
technology  problems.  We  report  on a  study  of  18  open  innovation  projects  that  used  an  innovation  inter-
mediary,  and  outline  the  characteristics  of each  search  path.  Exploration  of  these  search  paths  enriches
previous  studies  of  search  in  open  innovation  by providing  a comprehensive,  but structured,  framework
that  explains  search,  its underlying  mechanisms,  and  potential  outcomes.
© 2015  The  Authors.  Published  by  Elsevier  B.V.  This  is  an  open  access  article  under the  CC  BY-NC-ND
oundary spanning
. Introduction
Organizational search is central to classic and contempo-
ary innovation theories (Laursen, 2012; Nelson and Winter,
982). However, while ﬁrms in search of “new combinations”
Schumpeter, 1934) build on accumulated experience, they are also
ognitively constrained by previous choices and resource commit-
ents, potentially resulting in myopia (Levinthal and March, 1993)
nd high R&D expenses. Segments of the rapidly expanding discus-
ion on open innovation have revisited and revitalized the role of
earch in innovation (c.f. Afuah and Tucci, 2012; Felin and Zenger,
014; Laursen and Salter, 2006). A key idea in open innovation
s that ﬁrms should exploit search outside the conﬁnes of their
rganization (c.f. West et al., 2014), making the search for exter-
al knowledge an important managerial task (Laursen and Salter,
006, p. 147). Search for external knowledge is arguably quite com-
lex and difﬁcult, involving uncertainties and characteristics such
s the tacitness, complexity, rivalry, and indivisibility of knowl-
dge which may  not be conducive to its detection and transfer (c.f.
ollo and Winter, 2002). Despite this complexity, search has been
∗ Corresponding author.
E-mail addresses: henry.lopez.vega@liu.se (H. Lopez-Vega),
redrik.tell@fek.uu.se (F. Tell), wim.vanhaverbeke@uhasselt.be (W.  Vanhaverbeke).
ttp://dx.doi.org/10.1016/j.respol.2015.08.003
048-7333/© 2015 The Authors. Published by Elsevier B.V. This is an open access article 
/).license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
analyzed primarily by using one-dimensional constructs such as
local vs. distant (Knudsen and Srikanth, 2014), which seldom rec-
ognize how different heuristics interact with the solution location
(Nickerson and Zenger, 2004).
This paper explores the dynamics and direction of search.
We suggest that organizational search involves two  dimensions
(Gavetti and Levinthal, 2000). The ﬁrst refers to where to search,
i.e., the location of solutions – local or distant – in relation to cur-
rently available solutions (Katila and Ahuja, 2002; Levinthal and
March, 1981). The second concerns how to search, and which search
heuristics to apply, i.e., experiential or cognitive search (Gavetti and
Rivkin, 2007; Nickerson and Zenger, 2004). So far, research on open
innovation focuses mostly on where to search in a given search
space (Garriga et al., 2013; Laursen and Salter, 2006; Piezunka and
Dahlander, 2015), and several scholars lament the relatively small
attention given to how search takes place, and what alternative
search heuristics are applied in open innovation (Felin and Zenger,
2014; Jeppesen and Lakhani, 2010).
Combining the “where” and “how” dimensions of search, we
propose a framework for ﬁrms’ search for external knowledge
that encompasses situated search paths, analogical search paths,
sophisticated search paths, and scientiﬁc search paths. In pursuing
these search paths, ﬁrms can exploit two  mechanisms to identify
solutions in idea and technology markets: ﬁrst, a problem framing
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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echanism (Baer et al., 2013; Kaplan, 2008; Von Hippel and Von
rogh, 2015) that involves focusing on and articulating the prob-
em as a technology need before its dissemination, and second, a
oundary spanning mechanism (Fleming and Waguespack, 2007;
osenkopf and Nerkar, 2001) that involves recognizing and con-
ecting the technology need to a speciﬁc crowd of technical or
cientiﬁc solvers. We  address the following research questions: (1)
hat are the characteristics and objectives of each search path?
2) How do problem framing and boundary spanning mechanisms
acilitate the identiﬁcation of solutions?
Our ﬁndings draw on 18 open innovation projects to study
ow innovation intermediaries (c.f. Chesbrough, 2006; Roijakkers
t al., 2014) help clients ﬁnd potential solutions to their technol-
gy problems,1 by selecting a search path and exploiting search
echanisms. Our research involves an embedded case study con-
ucted at a leading innovation intermediary-NineSigma. A new
reed of innovation intermediaries (e.g., NineSigma, InnoCentive,
et2.com) is offering services to assist ﬁrms in their search for
xternal knowledge and intellectual property (IP) management.
e focus on intermediaries that facilitate connections between
rms (knowledge-seekers) pursuing search for solutions and ideas
n technology markets, and a global network of solution-providers
uch as R&D laboratories, university faculty, and specialist compa-
ies (Boudreau et al., 2011; Jeppesen and Lakhani, 2010; Sieg et al.,
010).
Our ﬁndings make several contributions to the literature. Theo-
etically, we propose a search path framework to clarify and explain
omplex search patterns and choices, and to extend theories in the
nnovation literature that build on the search framework suggested
y March and Simon (1958). We  also propose two  new types of
earch – analogical and sophisticated – as important search options.
inally, we connect the problem framing (Baer et al., 2013; Kaplan,
008; Von Hippel and Von Krogh, 2015) and boundary spanning
Fleming and Waguespack, 2007) literatures to propose mecha-
isms related to the solution of problems within these search paths.
The paper is structured as follows: Section 2 presents the
wo search dimensions, discusses the search mechanisms, and
escribes the four proposed search paths. Section 3 discusses the
esearch design and data collected. Section 4 describes how the
earch for solutions to problems is associated with our four search
aths, and examines the use of problem framing and boundary
panning mechanisms in 18 open innovation projects. Section 5
iscusses how the selection of a speciﬁc search path inﬂuences the
dentiﬁcation of solutions to problems. Section 6 presents our main
onclusions.
. Literature review and framework
.1. The search for solutions to problems
Organizations search for alternative solutions to problems when
urrent routines fail to produce results that match the organi-
ation’s aspirations (March and Simon, 1958). The screening of
lternative solutions and task decomposition are major compo-
ents of the problem-solving process (March and Simon, 1958,
. 178).2 For cognitive reasons, “problemistic search” (Cyert and
arch, 1963, p. 120–122) tends to be both simple-minded and
iased, causing organizations to search locally, in the vicinity of
1 Hereafter referred to as “problems.”
2 March and Simon (1958, pp. 178–179) also discuss randomness and the hier-
rchical structure of problem-solving in search. We acknowledge that innovation
nvolves much more than just search for solutions since it requires knowledge inte-
ration, implementation, and diffusion, market acceptance, etc. but in this study we
ocus on the search problem.olicy 45 (2016) 125–136
already identiﬁed solutions. Levinthal and March (1981, p. 309)
describe this as “reﬁnement search”, which “emphasizes relatively
immediate reﬁnements in the existing technology, greater efﬁ-
ciency, and discoveries in the near neighborhood of the present
activities.”
However, when a problem cannot be solved using current
routines, the ﬁrm is forced to innovate by developing new knowl-
edge. “Innovative search” (Levinthal and March, 1981) includes
distant search for new technologies, based on new combinations
of knowledge (Carnabuci and Operti, 2013; Schumpeter, 1934).
The subsequent literature on search and innovation investigates
the properties and outcomes of reﬁnement-oriented local search
(exploitation) vs. innovation-oriented distant search (exploration)
in more depth (Laursen, 2012; March, 1991). Also, these analyses
focus on the location of alternatives relative to current behavior
and “the elements that are to be searched” (Gavetti and Levinthal,
2000, p. 114). Below, we show that this search problem centers on
the question of where to search.
2.1.1. Search space: where to search?
Firms looking for solutions to problems search among combi-
nations of knowledge in a search space (Knudsen and Srikanth,
2014). How does the ﬁrm know where to start? By envisaging the
search space as the relative distance from the ﬁrm’s current knowl-
edge base, search may  be local, i.e., in the vicinity of the ﬁrm’s
current knowledge, or distant,  i.e., farther away from the ﬁrm’s cur-
rent knowledge. In practice, knowledge categories and knowledge
combinations need to be determined in advance. Knowledge cate-
gories can be represented by technological domains (e.g., internal
combustion, electronics, bioenergy, etc.), industry classiﬁcations
(e.g., automobiles, consumer retailing, telecommunications), or
scientiﬁc ﬁelds (e.g., electromagnetic waves, particle physics, opti-
mization). However, it is crucial that the focal ﬁrm understands
where the appropriate knowledge is “stored” (e.g., in individuals,
organizations, theories, patents, products, etc.) in order to effec-
tively search for it.
Organizations primarily search in the proximity of existing rout-
ines and previous solutions (Levinthal and March, 1993; Stuart
and Podolny, 1996). Therefore, when conducting local search,  orga-
nizations look for solutions that build on knowledge already in
use. Although local search decreases the probability of ﬁnding
novel solutions, it increases the chances of ﬁnding and acquiring
workable solutions. In contrast, distant search entails knowl-
edge recombination (Fleming and Sorenson, 2004; Rosenkopf and
Nerkar, 2001), which may  provide opportunities to identify disrup-
tive innovations and achieve competitive advantage. Building on
Schumpeter’s (1934) seminal argument, knowledge recombination
and integration is a quintessential element of innovative capability
(Carnabuci and Operti, 2013). Distant search essentially involves
the search for solutions that are unrelated to the ﬁrm’s current
knowledge base. However, organizations often ﬁlter out solutions
based on distant knowledge, preferring to evaluate solutions from
local knowledge sources (Piezunka and Dahlander, 2015).
A mechanism that helps to balance the local–distant search
space is boundary spanning. Although exploring within the bound-
aries of the ﬁrm’s technological domain may  satisfy a speciﬁc
technology need, boundary spanning involving a distant technolog-
ical domain helps identify new ways to solve problems (Rosenkopf
and Nerkar, 2001). Most ﬁrms employ mechanisms that facilitate
the identiﬁcation of short-term solutions, i.e., local search, or poten-
tial longer-term breakthroughs, i.e., distant search (Hargadon and
Sutton, 1997). Understanding the underlying search space is at the
heart of the boundary spanning mechanism (Fleming and Sorenson,
2004), which enables information processing, interpretation and
translation of knowledge, and negotiation of common meanings
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mong heterogeneous parties and across cohesive technological
oundaries (Fleming and Waguespack, 2007).
Innovation intermediaries such as Innocentive and NineSigma
re actors that have developed specialized processes to conduct
ocal and distant search by organizing innovation contests across
istinct knowledge ﬁelds (Roijakkers et al., 2014; Spradlin, 2012).
hese problem-solving contests forge links between (knowledge-
eeking) ﬁrms searching for external technological solutions, and
otential technological solution-providers (Afuah and Tucci, 2012;
hesbrough, 2006). However, several authors are critical of the rela-
ively scant attention paid to how innovative search takes place and
he alternative search heuristics applied in open innovation (Felin
nd Zenger, 2014; Jeppesen and Lakhani, 2010). Below, we  discuss
his dimension of search for external knowledge as a question of
ow to search.
.1.2. Search heuristics: how to search
The focus in the cognitive dimension of search is on the heuris-
ics used by ﬁrms to evaluate alternatives when making decisions
Gavetti and Levinthal, 2000, p. 114), and the processes involved
Gavetti and Rivkin, 2007). Existing analyses emphasize the sepa-
ation between action and cognition: “one part [of decision making]
ccurs in the world of cognition and comprises ways of conceptual-
zing the ﬁrm and its environment. The other unfolds in the world
f action and consists of mechanisms that shape what a company
ctually does” (Gavetti and Rivkin, 2007, p. 420).
Experiential search is guided by a desire for direct feedback
rom trials (Nickerson and Zenger, 2004). An important element
f experiential search is the “on-line” evaluation of alternatives,
nd the subsequent action on immediate feedback from current
ctions without reﬂecting on their causes (Gavetti and Levinthal,
000; Zollo and Winter, 2002). Boundedly rational organizations
an activate accumulated routines or programs (Cyert and March,
963). Nelson and Winter (1982) consider “routine development”
s exemplifying experiential search processes, often described as
learning by doing” (Pisano, 1994).
Cognitive search involves the use of representations and
bstractions in the search for solutions (Gavetti, 2012). Cognitive
earch employs “off-line” evaluation (Gavetti and Levinthal, 2000),
nd learning-before-doing (Pisano, 1994). Such representations
ontribute to the development of heuristics of variable sophisti-
ation (Grandori, 2013; Nickerson and Zenger, 2004). Rather than
llowing environmental stimuli to feedback directly into action,
ognitive search allows for the feed-forward of information into
xisting or nascent representations. These off-line representations
an be studied and then later enacted. Models can be developed
sing representations and systems of symbols which allow causal
nferences which may  be applicable more generally (Zollo and
inter, 2002).
A search mechanism facilitating search heuristics is problem
raming, or problem formulation (Baer et al., 2013; Von Hippel
nd Von Krogh, 2015). Problem framing facilitates the interpreta-
ion of assumptions and expectations related to a speciﬁc problem,
nd provides guidance for the identiﬁcation of potential solutions
Kaplan, 2008). It can take the form of knowledge articulation and
odiﬁcation to produce written documentation in the form of tools,
anuals, etc. to describe new proposals and performance implica-
ions (Zollo and Winter, 2002), take place on-line or off-line (Gavetti
nd Levinthal, 2000), and involve heuristics such as case-based or
eductive reasoning (Gavetti and Rivkin, 2007).
The open innovation literature suggests that innovation inter-
ediaries can create value for knowledge-seekers by explicitlytating a “tacit” technological need in a document that can be
sed to solicit solutions in innovation contests (Sieg et al., 2010;
pradlin, 2012). This requires the use of search heuristics to iden-
ify whether a speciﬁc problem requires experiential or cognitiveolicy 45 (2016) 125–136 127
search (Boudreau et al., 2011). It has been argued that innovation
intermediaries are more similar to consultants than brokers, since
they engage more directly with ﬁrms by designing and supporting
the innovation search process (c.f. Howells, 2006).
2.2. A framework of search paths
Previous research considers search in relation to either the
search space or search heuristics. We  propose that these two
dimensions should be studied simultaneously: the “where and
how” should provide an integrated view of the ﬁrm’s search for
external knowledge. We  extend the research on search that uses
one-dimensional constructs (e.g. Tippmann et al., 2013, p. 1870).
We combine these two dimensions in relation to four different
search paths: (1) situated paths, (2) analogical paths, (3) sophis-
ticated paths, and (4) scientiﬁc paths. Fig. 1 depicts a typology of
the main characteristics of each search path.
2.2.1. Situated search paths
Situated search is the default model in many evolutionary
theories of organizations and innovation which emphasize the
development of routines through local trial-and-error reﬁnements
(e.g. Cyert and March, 1963; Nelson and Winter, 1982). A situ-
ated search path operates on the basis of experimentation in the
vicinity of previous solutions that lead to feedback on current
actions, and veriﬁcation of generalized beliefs based on repeated
experiences and observations. Empirically, situated search is a
component of the ﬁrm’s innovative activity, as demonstrated
in Martin and Mitchell’s (1998) study of the US product mar-
ket for magnetic resonance imaging devices in 1980–86. The
authors show that incumbent ﬁrms searched in the vicinity of
the dominant technologies, and subsequently introduced prod-
uct designs similar to existing designs. Comparably, Stuart and
Podolny (1996), using a network approach, analyze strategic
partnering and the evolution of the technological positions of
Japanese semiconductor producers patenting between 1982 and
1992. Their ﬁndings show that the majority of these manufac-
turers occupied distinct technology niches over the time period
considered.
2.2.2. Analogical search paths
Analogical search can be described as drawing upon experien-
tial knowledge from distant domains to inform current actions.
Such search is enabled through the use of analogical reason-
ing (Gentner, 2002). Analogical reasoning involves structural
comparison between a base and a target domain (often with
unrelated content). Applying the characteristics of a solution
that spans domains can provide new insights to solve current
problems.
Analogical reasoning has been discussed in the context of strate-
gic decision-making and innovation analysis (Gary et al., 2012).
For example, Hargadon and Sutton (1997) discuss IDEO’s expe-
rience of innovation through technology brokering. Analogical
search paths that make use of technology brokering involve the
blending by engineers of existing but previously unconnected
ideas (see also Carnabuci and Operti, 2013; Hargadon and Sutton,
1997).
2.2.3. Sophisticated search paths
We  associate sophisticated search paths with deductive rea-
soning. Deductive reasoning generates predictions and hypotheses
that evolve from general premises to speciﬁc applications of a more
general set of scientiﬁc knowledge (Gavetti and Rivkin, 2007). This
is a central characteristic of sophisticated search paths, in which
explicit general theories feed forward into representations that
make speciﬁc claims regarding (local) potential states of affairs
128 H. Lopez-Vega et al. / Research Policy 45 (2016) 125–136
Analog ica l paths 
Obj ective : Recombina tion 
Character istics:  Using  experien tial 
knowledge fr om distan t fields to  feed back 
on current actions 
Adjacent search concepts and related 
studies: Boundary-spanning search 
(Laursen, 2012; Rosenkopf and Nerkar, 
2001),  Technology  brokering  (Hargadon
and Su tton, 1997),  Recombinant search 
(Carnabuci and Opert i, 2013)
Situated paths
Obj ective : Tr ial -and-error refine men t 
Character istics: Experimen tation, in the 
vicinit y of previous so luti ons, tha t feeds 
back on curren t ac tions 
Adjacen t search concepts and re lated 
stud ies: Refine men t search  (Levinthal and 
March, 1981),  Exploitation  (March, 1991), 
Local experimen tation  (Gavetti and 
Levinthal , 20 00),  Loc al search  (Stua rt an d 
Podolny,  1996; Martin  and Mitchell,  1998) 
Sophi sticated  paths
Objective: Puzzle-solving 
Charac ter istics : Using  estab lish ed theori es 
to derive predictions that feed forward to 
representations. 
Adjacen t search concepts and re lated 
stud ies: Deductive rea son ing  (Gavetti and 
Rivkin, 2007),  Technolog ica l trajec tories 
(Dosi , 1982),  Path-deepening  search  (Ahu ja
and Katil a, 2004 )
Scien tific paths
Obj ective : Breakthrough 
Charac ter istics : Crea ting  ne w theori es to 
derive pred ictions tha t feed forward  to 
rep resen tations. These, in  turn,  make 
general claims regarding potential futures. 
Adjacent search concepts and related 
studies: Innovation search (Levinthal and 
March, 1981); Exploration (March, 1991); 
Scien tific  search  (Fleming  and Sorenson, 
2004) 
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launches, arranged over 2500 open innovation projects, and
received over 35,000 unique proposals from solution-providers.Fig. 1. Framew
Johnson-Laird, 2001). Dosi (1982) refers to sophisticated search
aths within technological paradigms as “technological trajecto-
ies.” A salient feature of sophisticated search paths is how they
perate to achieve “path-deepening” search (Ahuja and Katila,
004). Tripsas and Gavetti (2000) trace search deepening through
ncreasing sophistication of representations in the evolution of
olaroid’s search activities in digital imaging. Polaroid continuously
nvested large sums in R&D and developed radically new technolo-
ies within a clear search pattern, in which new products – camera
ystems for both consumer and commercial applications – built on
hese developments and applied this new knowledge to Polaroid’s
xisting strengths in manufacturing.
.2.4. Scientiﬁc search paths
Scientiﬁc search paths allow the discovery of theories and
odels which give rise to predictions that then feed forward
nto representations. These representations in turn make general
laims regarding potential futures. Knowledge acquisition through
xploratory (March, 1991) or innovative (Levinthal and March,
981) search has been described as “searching” in science. Ahuja
nd Katila (2004, p. 891) study the acquisition of technological
apability by US-based chemical ﬁrms from 1979 to 1992. They
how that when the search space for recombination of existing
echnological solutions is exhausted, scientiﬁc search can extend
he search space through the incorporation of new theoretical
uilding blocks and hypotheses regarding cause-and-effect rela-
ionships. Similarly, Fleming and Sorenson (2004, p. 911), in their
nalysis of citations in US patents in 1990, suggest that scientiﬁc
earch paths “[provide] inventors with the equivalent of a map  – a
tylized representation of the area being searched.”f search paths.
3. Data and methods
3.1. Sample selection and research setting
The selection of NineSigma3 was based on an initial study of
the business models of 11 of the largest innovation intermediaries:
InnoCentive, NineSigma, Yet2.com, TekScout, IdeaConnection,
YourEncore, Innoget, BigIdea Group, InnovationXchange, Creax,
and Ocean Tomo. We  interviewed representatives from four of
these intermediaries, and collected secondary data for the other
seven. The NineSigma intermediation processes are similar to
those of other innovation intermediaries. However, in contrast
to InnoCentiveand Yet2.com, the business model used by Nine-
Sigma does not require solution-providers to sell their IP outright,
and allows both parties to negotiate contractual agreements, e.g.,
licensing and co-development. Moreover, the NineSigma model
involves knowledge-seekers receiving responses and contact doc-
umentation from all solution-providers, not just the winning
solution-provider.
NineSigma’s headquarters are in Cleveland, Ohio, with sub-
sidiaries in Belgium, Japan, Korea, Australia, South Africa, and
Brazil. Since its foundation in 2000, NineSigma has advised around
350 companies – primarily Fortune 500 ﬁrms and large multina-
tional enterprises (MNEs) – engaged in research and new productNineSigma has an external innovation network of over 2 million
3 http://www.ninesigma.com.
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responses.
Boundary spanning increases the number of solution-providers
and their interest in the problem by clarifying the beneﬁts to beH. Lopez-Vega et al. / Rese
olution-providers distributed across 16 industry sectors in 115
ountries. The technology suppliers include global multi-sector
usinesses (ca. 52%), university and government labs (ca. 34%), and
nventors and consultants (ca. 14%).
.2. Data collection
The data for this case study were collected via interviews with
ineSigma program managers (PMs) and innovation and corpo-
ate managers from knowledge-seeking ﬁrms, and an ethnographic
eld study conducted at NineSigma’s headquarters. We  carried
ut 34 semi-structured interviews (see Appendix 1), each last-
ng over an hour. Of these, 12 were with NineSigma corporate
anagers and PMs  to obtain a description of the intermedia-
ion process and search path characteristics and mechanisms. On
verage, PMs had worked at NineSigma for seven years, a sci-
ntiﬁc background (PhD degree), and practical familiarity with
ndustrial product-development processes. The other 22 inter-
iews with 18 knowledge-seeker representatives focused on open
nnovation projects and how NineSigma managed them. All inter-
iews were recorded and transcribed. Interviewees shared archival
nformation, e.g., diagrams and charts, to increase our overall
nderstanding of the various interactions and decisions.
Moreover, we conducted an ethnographic study to highlight
ath-related nuances that interviewees might be unable or unwill-
ng to share in interviews. For two months, the ﬁrst author was a
on-participant observer of innovation contest projects, was  party
o conﬁdential conversations, and interacted with employees ﬁve
ays a week. This author took notes during all of these interactions,
nd later discussed them with NineSigma project managers.
.3. Analytical approach
We  entered the transcribed interview and observation ﬁeld
otes, videos, and archival information into Atlas.ti software for
ualitative analysis. This procedure assisted in the data organi-
ation and coding, and facilitated analysis and interpretation of
peciﬁc activities and mechanisms for each search path. We  fol-
owed Strauss and Corbin (1998), interpreting and coding the
ntrinsic meaning of the four search paths and speciﬁc mechanisms.
e applied two types of coding: open and axial.
The data analysis was  conducted into two steps. First, we applied
pen coding to the information collected from observations of
he interactions between knowledge-seekers and NineSigma, to
istinguish the four search paths. In the second step, we open
oded the interviews and observations of interactions between
nowledge-seekers and NineSigma in order to empirically identify
wo generic mechanisms: problem framing and boundary spanning
see Section 4.1). Finally, we conducted axial coding to connect
ach search path to a speciﬁc mechanism (see Section 4.2). In
ine with previous research on mechanism-based explanations,
e were interested in explicit and detailed empirical evidence
o support our causal generalizations for each path and mecha-
ism involved. Using the typology of social mechanisms proposed
y Hedström and Swedberg (1998, p. 22), we analyzed the prob-
em framing mechanism as an action-formation mechanism that
emains at the knowledge-seeker level, since it shows a speciﬁc
ombination of characteristics for each technology problem. The
oundary spanning mechanism is a transformational mechanism
hat disseminates an internally speciﬁed technology need to a net-
ork of solution-providers.. Search paths and search mechanisms
Section 4.1 describes the overarching properties and relation-
hips of problem framing and boundary spanning. Section 4.2olicy 45 (2016) 125–136 129
explains the objective of each search path, and how problem fram-
ing and boundary spanning operate in each of the four search paths
and help achieve the path objective.
4.1. Search mechanisms: problem framing and boundary
spanning
In each search path the mechanisms of problem framing and
boundary spanning are used to obtain solutions from idea and tech-
nology markets. By problem framing, the innovation intermediary
can use its accumulated experience to (a) analyze the knowledge-
seeker’s problem, (b) frame problems in collaboration with the
knowledge-seeker, and (c) deﬁne a speciﬁc technology need. By
boundary-spanning the innovation intermediary can link the spe-
ciﬁc technology need to external solution-providers in previously
unidentiﬁed technological and scientiﬁc areas. A NineSigma senior
manager described these mechanisms as follows:
We  take problems. We  take them apart into identiﬁable pieces,
but not necessarily into the pieces as they would be applied. So,
we take the application out of it and look at the pure science and
then we  go and identify. Another of our capabilities is that we
can identify potential problem solvers. So, it is not passive, it is
not posting on a chat, it is not having a website full of experts
who  accept every challenge; we look for speciﬁc capabilities
related to every challenge.  . . We can articulate the need, we
can push it out to ﬁnd where the solutions may  exist and then
we have a process for bringing those solutions – in the format
of a proposal perhaps – and the two parties together.
In open innovation projects, problem-framing refers to articu-
lating a knowledge-seeker’s problem into a technology need before
revealing it to external scientiﬁc and technological communities,
i.e., solution-providers. The technology need is contained in a docu-
ment, i.e., a request for proposal (RFP), which allows the innovation
intermediary to assist the knowledge-seeker’s team to separate the
problem into decomposable parts. The objective is to highlight,
e.g., business opportunities, technological speciﬁcations, possible
approaches, IP speciﬁcities, limitations of the technology, project
timing, and ﬁnancial and evaluation criteria to obtain clear, concise,
and compelling solutions to the problem. Knowledge-seekers use
cross- or intra-unit meetings, committees, and task forces to craft
the language that may  balance the need for context speciﬁcity and
the generality of the problem. These meetings were aimed at ensur-
ing the requisite communication, collaboration, and delegation of
responsibilities either to deﬁne problems concretely or to detach
them from their current technological contexts and informational
content.
In addition, innovation intermediaries use boundary spanning
to identify and select previously unidentiﬁed solution-providers
for the knowledge-seeker. Prior to broadcasting the already spec-
iﬁed technology need, the innovation intermediary is responsible
for matching knowledge-seekers and solution-providers in local
or distant search spaces. This involves matching technological
domains and potential areas of application with a speciﬁc crowd
of solution-providers4 not known to the knowledge-seeker. The
innovation intermediary identiﬁes a network of solution-providers
that might be interested in, and capable of, responding to the spe-
ciﬁc technology need, but avoids too many and too wide-ranging4 NineSigma has built its contact database over 11 years; it is cross-referenced
and used to categorize solution-providers according to expertise. Each technology
need is broadcasted to approximately 15,000 potential solution-providers.
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Analog ica l paths 
Objecti ve:  Sea rch for medium- to long-term solutions from 
technologically unrelated and previously unexplored domains
Expec ted type of innovati on:  New proce sses  or te chnologie s to improve 
existing spec ific ation s
Character istics:  Operation al  innovation
Path sele cti on cr iteria:  Market crea tion , timescale  of one yea r, 
imple mentation in multiple produ cts , involvement of multiple busi ness 
units
Examples: Processes for delaying the drying of water-based emulsions 
(Sherwin Williams); innovative pac kaging to minimiz e the melting of 
chocolate bars in warm climates (Kraft Foods); redefinition of a bed 
mattress (Sea ly); Alternative and more -eff icient uses  of copper, e.g.,  in 
hea lthca re (International Copper Association); pac kaging products  from 
the military and oil industries (Ferr ero Rocher); proble ms  with optics and 
photonic s (C arl  Zeiss);  inno vative methodology (B P) 
Situated paths
Objecti ve:  Sea rch for quic kly imple menta ble  solutions to proble ms in 
familiar te chnologic al  fields
Expec ted type of innovati on:  Add-on  te chno logie s or  information
Character istics:  Defensi ve innovation , quic k win, operational ta ctics
Path sele cti on cr iteria:  Applica tion  in existing te chno logy proble ms  and 
markets , timescale of mon ths, imple mentation in a si ngle product
Example s: a natural-based sunscree n and  aluminum-free  deodo rants 
(Natura Cosmetics), new membrane te chno logie s for a tire and rub ber 
company (Good yea r), te chno logy eff iciency improvements  to cop e with 
government regulations (Rhee m Manu fac turi ng), newly proven 
techno logie s for a hea lthca re manufac turer (Kimberley-Clark)
Sophi sticated  paths
Objecti ve:  Sea rch for short -to-medium-ter m insi ghts  into visi ble  market 
and industr y tre nds
Expec ted type of innov ati on:  Additional add ed-value te chno logie s for 
exist ing products
Characteristics:  Solutions for a market-entr y opp ort unity, proo f of 
conce pt, pre -la unch, consumer involvement
Path sele cti on crite ria:  Applica tion in exist ing markets;  timescale  one 
year;  imple mentati on in multiple  prod ucts
Examples:  A foam component for ele ctr ic shaving mac hines (Philips), 
alternative use of roofing granulat es   in asphalt shingle s (3M);  alternative 
chemistr y methods to increase the sustainabil ity and reduce  th e to xicit y of 
paints  (Akzo Nobel), new te chnology to augment  physica l gree ting ca rds 
with digital experie nces (H allmark Cards) 
Scien tific paths
Objective: Search for long-term breakthrough solutions in unrelated 
scie ntific  fiel ds t o proble ms t hat  require eit her  the rec ombination  of 
knowle dge or the dis covery of a dista nt scie ntific  network
Expec ted type of innov ati on: Disr uptive te chnologie s, new busi ness 
models 
Characteristics: Strategic insights, ideation results 
Path selection criteria: Application in new markets, timescale in years, 
imple mentati on over  multiple  busi ness units 
Examples:  A washing mac hine that does no t require  water  (Arçe lik A.Ş .), 
alternative sources  of sodium for potat o chips (PepsiCo ), substi tute s for 
formaldehyde in hair products (L’Oreal) 
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Fig. 2. Examp
erived from working on the particular problem, and by solic-
ting for solutions that complement or substitute existing ones.
oreover, contact with speciﬁc solution-providers allows the
nowledge-seeker to establish links with individuals, groups and
ssociations representing particular scientiﬁc and technological
omains or geographical areas, and enables the decision to continue
r abandon a project.
.2. Search paths
Based on the study of 18 different problems submitted by
nowledge-seekers, Section 4.2 describes each of the four search
aths. We  discuss the speciﬁc objectives and contingencies related
o each search path. We  then describe how the mechanisms of
roblem framing and boundary spanning play out across each
earch path. Since each search path shares at least one search
imension with the other search paths, e.g., situated path projects
ill share a search space dimension with sophisticated paths,
nd search heuristics with analogical paths, the knowledge-seeker
ight select the wrong search path and the problem remain
nsolved. We  therefore describe the main differences between the
escribed path and the two alternatives. Fig. 2 depicts the differ-
nces among the search paths and the studied company cases, and
able 1 presents the characteristics of the two search mechanisms..2.1. Situated paths
The objective of situated paths is to search for quickly imple-
entable solutions to problems in familiar technological ﬁelds,euristics
 search paths.
while applying knowledge-seekers’ accumulated experience to the
problem. Frequently, situated path problems involve incremental
or minor adaptations, e.g., operational tactics, defensive innova-
tion, or quick wins, which have speciﬁc project objectives such
as methods or materials. Situated path problems are difﬁcult to
solve because of their strict speciﬁcations with regard to complex-
ity, technological maturity, viability, and narrow set of possible
solutions. Such problems require short-term solutions that can be
implemented quickly, e.g., within 12 weeks. Situated path prob-
lems in our analysis involved collaboration between NineSigma
and the knowledge-seeker in order to select and specify the prob-
lem, and evaluate the proposed solutions. Situated path projects
are presented in Fig. 2.
An example of a knowledge-seeker’s problem features Natura
Cosmetics, which was  looking for a naturally based ultraviolet (UV)
absorber to replace petrochemical oils in a sunscreen. In the Natura
example, the sunscreen problem was solved by a solution-provider
operating in the laundry sector. A senior R&D manager from Natura
explained:
It was  an available solution, but had not been applied in the
cosmetic and personal care industry. Nobody had thought about
that kind of technology. When we  look for solutions, sometimes
we miss solutions that we  were not thinking about. Not exactly
what we were searching, but a related technology, which could
change the project.
The identiﬁcation of solutions requires the use of problem fram-
ing and boundary spanning mechanisms. First, problem framing
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Table  1
How search mechanisms inﬂuence search paths.
Problem framing mechanism Boundary spanning mechanism
Objective: Separate the problem into decomposable parts, and craft a
statement of the problem in language that balances the need for
generality with that for context speciﬁcity
Objective: Match the search scope and a speciﬁc crowd of
solution-providers to a speciﬁc search path
Outcome:  Speciﬁes the technological or scientiﬁc problem as a
technology need, and states this need in writing, i.e., an RFP
Outcome: Establishes links with scientiﬁc groups in new technological
domains or geographical areas
Search paths Effect on the interpretation
of assumptions and
expectations related to a
speciﬁc technology problem
Boundary conditions Effect on the balancing of the
search space to identify
short-term solutions or
long-term breakthroughs
Boundary conditions
Situated paths The level of abstraction and
codiﬁcation is determined to
attract solvers of related
technological ﬁelds
Criteria and speciﬁcations are
ﬂexible to avoid
disappointment with received
solutions
The identiﬁcation of
solution-providers in other
geographical areas with
implementable solutions
becomes possible
Solution-providers have
experience, i.e., they have
already solved related
problems. Idea generation is
excluded
Analogical paths The raison d’etre of the problem
is understood and “translated”
into a language other
industries can understand
Domain-speciﬁc applications
are understood in order to later
identify opportunities for
recombination
Technical terms that are
common to industries and
areas across knowledge-seeker
boundaries are selected
Boundaries and potential
misunderstandings are made
clear to solution-providers
Sophisticated path The scientiﬁc problem is
written using a competing
problem formulation to allow a
scientiﬁc explanation of the
problem
The proper ﬁlters are applied
to receive reasonable
responses and not miss out on
opportunities—a difﬁcult task
A small network of
solution-providers in different
scientiﬁc ﬁelds are targeted
A reduced number of solvers,
i.e., an expert ecosystem,
comes from diverse areas
Scientiﬁc paths The generic scientiﬁc need is
detailed and the particular
Content involves corporate,
technical and researcher
Academically rigorous
scientists in broad scientiﬁc
Search includes
solution-providers without
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using a competing problem
formulation
perspectives
nvolves codifying a technology need, and describing it so that
t appeals to solution-providers in the vicinity of previous tech-
ological solutions to feedback into or solve a problem. It also
nvolves some level of knowledge codiﬁcation and abstraction to
ngage solvers in adjacent industries. Natura’s senior R&D manager
xplained:
The description is an important success factor because if you
do not describe it well, you will have a proposal that is already
being used in the market. How you describe it and the possible
approaches should not limit these [proposed solutions] so you
can receive approaches not previously thought of.
It is also important not to deﬁne the technological need too
arrowly. A NineSigma R&D manager explained:
In fact, it [too narrow technology problem] only creates disap-
pointment because expectations are high and the criteria and
speciﬁcations are too strict, and if you have 10 speciﬁcations
and you satisfy 9 but not the last one, you have not ﬁlled them
all. And by doing that all you do is create disappointment.
The boundary spanning mechanism involves identiﬁcation of
olution-providers with experience in solving problems from simi-
ar technological domains that are able to provide reﬁned solutions.
 senior manager from NineSigma explained how he had designed
 speciﬁc network for a situated path project in a natural sciences
rm:
When you get into life sciences or chemistry that is very focused,
usually the solutions do not come from engineering or other
areas. In those cases, we will ﬁnd people who  are working in
those speciﬁc ﬁelds but are unknown to our clients, in countries
such as India and China. We  try to ﬁnd people who  have already
solved the problem, and are not just generating ideas. In fact,
we tend to stay away from idea generation. We  ﬁnd our clients
have more ideas than they know what to do with, for the most
part.areas are targeted off-the-shelf solutions
Situated paths and analogical paths differ in the speciﬁcation of
problems and identiﬁcation of solution-providers. An example of
an analogical path is Kraft’s search for an innovative packaging to
minimize the melting of chocolate bars in warm climates. While
solutions to situated path problems come from local technology
ﬁelds, analogical path problems require distant technology ﬁelds
to be solved, e.g., those involving products affected by temperature
or light. An innovation manager from Kraft gave an example of the
analogical path:
I ﬁnd them [NineSigma] best at technology development, in
areas where we are looking for solutions that is not ready avail-
able to us through our normal channels. So, we are looking for
ideas, for someone who has an approach to solving the problem.
It is not short-term at all; we usually use NineSigma for medium-
to long-term initiatives and strategic initiatives. Right now, we
are running in melting chocolate; it is directed to a business unit
but it is a difﬁcult problem to solve. It is not something anyone
knows how to solve at this point.
Sophisticated and situated paths differ in the selection of prob-
lems that need to be solved using distinct concepts and theories.
An example of a sophisticated path is Akzo Nobel’s problem of
ﬁnding an alternative chemical method to improve the sustaina-
bility and safety of paint. An Akzo Nobel manager highlighted the
characteristics of sophisticated path problem:
One area is looking at environmental or safety areas: these are
things about paint that are currently not sustainable or not safe,
or could generate some toxicology problems in years to come.
We saw the problem before it was  recognized publicly and legis-
lation came into place to say, “You cannot use lead as a chemical
ingredient.”4.2.2. Analogical paths
An analogical path is used to identify new medium-to long-
term processes or technologies from technologically unrelated and
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reviously unexplored domains, which can be recombined and
mplemented to resolve the predeﬁned problem. Complex prob-
ems requiring an analogical path to their solution attract greater
nterest and support from top management since they are likely
o be aimed at entry to new markets and exploitation in multiple
roducts.
In Fig. 2, we identiﬁed the projects that employed analogi-
al search paths. The example of Sherwin William’s analogical
earch path to delay the drying process in water-based emul-
ions is illustrative. This operational problem arose as a result of
ew government regulations requiring ﬁrms to reduce the con-
ent of volatile organic compounds. Since the regulation affected
 number of industries, the solution might potentially come from
nrelated industries such as food or paper, or a related industry
uch as cosmetics, and might involve novel processes or methods
uch as delayed water-retention technologies. The solution criteria
ncluded use of environmentally friendly and non-toxic materials
hat would be safe for users.
Selection of this speciﬁc problem required the involvement of
 Sherwin Williams technology scout responsible for coordinating
riorities and resource availability from different business units,
nd making use of management tools to develop an internal, non-
onﬁdential needs list. In relation to the delayed drying processes
roblem, an open innovation manager from Sherwin Williams
xplained:
Open innovation is really about going out and identifying solu-
tions to those ideas that you have never thought about, from
speciﬁc areas. So, I think it is important to have the capability to
be able to deﬁne broadly what your problem is. Let me  tell you
that we went back and forth through nine revisions from dif-
ferent RFPs, and even more. So, we are not too segregated. We
want [solution-providers] to understand what the problem is,
but we do not want to deﬁne it in a way that people will pass on
it because they do not understand the terminology in their area.
You need to have a clear understanding of what your problem
is and be able to deﬁne it in broad enough terms that you can
go into multiple areas and to the fundamentals.
As mentioned by this interviewee, the problem framing mech-
nism entailed collaboration between internal technology scouts
nd a NineSigma PM in order to document the problem in the form
f a technology need in order to make it understandable by other
ectors and industries. It required an understanding of domain-
peciﬁc applications to identify opportunities for recombination.
or example, Sherwin Williams’s knowledge-seekers do not have
outine internal processes in place that allow them to connect a
roblem to distant technology areas:
We are a coding company; I know how to say something in
my  pink coding language. But that could limit the responses
from others in the cosmetics or oil industry that can say “I have
a technology that has that fundamental issue.” Getting it back
into those fundamental deﬁnitions has been a struggle. I think
NineSigma pushes their clients, so they receive more responses
and successful responses. On the ﬂipside, it is hard for me  as a
client to write an RFP that way.
The boundary spanning mechanism involves identifying oppor-
unities in distant technological domains or industries, and
electing a network of solution-providers to connect to unrelated
echnology domains. To avoid potential misunderstandings across
echnological domains, boundary spanning includes the use of
echnical terms common to several different industries. A Nine-
igma manager explained:
So, NineSigma tries to look at problems objectively: a “why”
view of things. We are able to translate that need into a languageolicy 45 (2016) 125–136
that people in other industries may  be able to understand, and
we have this capability to be able to broadcast these needs to
people we research on the Internet, databases, etc.
Analogical path and situated path problems differ in the
dimensions of their search space, i.e., local or distant. While
knowledge-seekers use an analogical path to identify new pro-
cesses and technologies to enter new markets or improve existing
products, a situated path is used to solve a narrow and latent tech-
nological problem in one speciﬁc product. Goodyear’s search for
new membrane technologies highlights how a situated path nar-
rows down the possible solutions:
What I was looking for was membrane technologies, and I did
not know who the main players were, or the main technologies.
I wanted to use the RFP to understand about other technologies
that were out there. I wanted to explore other technologies that
could reduce my  costs, major players, anything else out there,
and put pressure on our internal chemical engineers for other
possibilities.
Analogical and scientiﬁc search paths involve cross-unit iden-
tiﬁcation and selection of problems, i.e., heterogeneous teams to
frame a technology problem. Analogical paths are used to identify
new processes or materials to improve an existing technology or
process. Scientiﬁc paths are used to search for radical solutions that
may  change the knowledge-seeker’s business model. An example of
a scientiﬁc path is L’Oréal’s search for a substitute for formaldehyde
in its hair care products. An open innovation manager exempliﬁed
the scientiﬁc path:
We  have a problem and we  try to work through it to search for
new ideas, new solutions, new concepts which could answer
that problem but also could be applied transversally across the
company. By doing that, we  have a process of inspiration and
creativity.
4.2.3. Sophisticated paths
Sophisticated paths are used to search for short-to medium-
term insights into visible market and industry trends that will
add value to existing products. The characteristics of expected
solutions include application in existing markets and in multiple
related products: proof of concept, pre-launch phase, and prospec-
tive innovations. A sophisticated search path can identify potential
solutions that add value in the form of improvement to an existing
product or improved ﬁrm performance.
Some examples of problems resolved by using a sophisticated
path are presented in Fig. 2. An example is the foam component
in Philips’s electric shavers, which was  a technology area in which
Philips had no experience. In the case of the foam component, the
solutions had to include a sample solution that could be tested in
the product. Ultimately, only one of the proposed solutions deliv-
ered the requested functionality. A Philips’s engineer described the
use of NineSigma for sophisticated path problems:
At the beginning, when Philips was  hesitant about posting
a request, we actually started with holy-grail questions that
included things that were in people’s minds for years and
seemed impossible to solve. Now, we recognize it is more about
technology solutions outside our ﬁeld of expertise that we do
not actually have here in-house. We  think about those projects
that we  have not worked on before and also accept that we  can-
not start reading papers and going to conferences, that it takesup a proposal.
In a sophisticated path, problem framing involves the innovation
intermediary formulating the technology need in a rather abstract
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ay to allow a scientiﬁc explanation of the problem. A senior Philips
esearch manager explained:
If you ask a broad question: “Who can help me  with shaving
foam?” you will get responses that are too broad. At the same
time you need to avoid being too restrictive and not receiving
responses. You need to apply some ﬁlters, so that you can expect
reasonable responses but not miss out on opportunities.
Since the unfamiliar formulation of problems requiring a sophis-
icated path result in difﬁculties for the knowledge-seeker in
eﬁning the scientiﬁc boundaries to the problem, the boundary
panning mechanism is crucial for identifying a sufﬁciently nar-
ow network of solution-providers. In order to increase the chances
f ﬁnding a solution, the innovation intermediary targets a small
umber of solution-providers from scientiﬁc domains with valu-
ble expertise for the problem. For example, one of NineSigma’s
orporate directors explained:
This is something only for very sophisticated customers... We
will create a speciﬁc expert ecosystem of maybe 20 people from
very diverse areas. We  manage it this way when it is a very spe-
ciﬁc targeted problem that we are looking to solve We  ask them
to provide a very brief background: “What are your capabili-
ties?” Do you have any particular interest in the topic-yes or
no?”
While sophisticated and scientiﬁc paths might seem similar, the
earch for solutions to a problem differs. One example is the case
f PepsiCo, when it was searching for either alternative sources of
odium or methods to reduce the sodium in its Frito-Lay potato
hips that would still maintain a salty ﬂavor. In their attempt to
dentify a new formulation for a micro-particular halite or drying
echnique from an unknown scientiﬁc ﬁeld, PepsiCo and NineSigma
ormulated the problem to include a broad range of technological
omains and business models distant from the knowledge-seeker’s
nack business domain.
Sophisticated search paths differ from situated paths in terms of
he maturity of the requested solution, i.e., whether a quick win or
 proof of concept. In the Natura example involving an aluminum-
ree deodorant, Natura requested solutions already mature enough
o be implemented, rather than early-stage solutions. This problem
equired a situated path to provide a short-term solution derived
rom a technologically related sector. Natura’s research manager
xplained the problem and the absence of mature solutions:
For one of the problems we were trying to ﬁnd a new way to
work with deodorants-not using aluminum salt. Currently, all
the products use aluminum salt, and because of its toxicity, we
were trying to ﬁnd another way to solve this problem... For the
deodorant, we had a lot of proposals but they were very sim-
ilar to what were thinking and imagining already. The project
failed because solution-providers proposed solutions that were
already tested or not technologically mature. It was very early
stage research.
.2.4. Scientiﬁc paths
The adoption of a scientiﬁc path is aimed at ﬁnding break-
hrough solutions from unrelated scientiﬁc ﬁelds to problems that
ay  require either knowledge recombination or exploitation of a
istant scientiﬁc network. These problems specify input and output
arameters, which differentiates them from “holy grail” problems
hat are beyond the scope of innovation intermediaries. Connect-
ng the proposed solutions from unknown scientiﬁc communities
o the focal problem involves using charts and assessment matri-
es to highlight the issues of interest to the knowledge-seeker while
earing in mind the novelty of the problem. Some identiﬁed case
xamples are provided in Fig. 2. In our sample, only PepsiCo’s haliteolicy 45 (2016) 125–136 133
problem was  resolved. By formulating the problem broadly, Pep-
siCo received a solution involving a new approach to the continuous
production of halite nanoparticles, i.e., crystal salt, from a European
university spin-off (a medical lab) working on techniques to treat
osteoporosis.
In scientiﬁc paths, the problem framing mechanism recognizes
that speciﬁcation of the technology need should be generic and
scientiﬁc; in the PepsiCo problem, it remained speciﬁc in terms
of what PepsiCo needed to meet particular manufacturing require-
ments, i.e., a signiﬁcant reduction in salt content. By understanding
the knowledge-seeker’s problem, problem framing was  aimed at
ﬁnding a breakthrough technology to feed-forward to new rep-
resentations of the problem. In another example, Arc¸ elik A.S¸ .’s
technology need for a washing machine that does not require
the use of water was  too broadly deﬁned, and did not explain
why an alternative solution was needed. A NineSigma manager
elaborated:
The angle of the RFP will get adapted according to the ﬁnal-
ity the client has in posing the question. . . If you are looking
for a washing machine that washes without water, then they
do something completely different. It comes from the analysis
beforehand, if you do not do that analysis beforehand, all you
have at the end is disappointment.
The boundary spanning mechanism involved in PepsiCo’s prob-
lem required a stronger focus on the scientiﬁc community, e.g.,
universities and labs, rather than on industry solution-providers,
since there was no expectation of an off-the-shelf solution.
Solution-providers are expected to provide long-term solutions
that offer novel alternative ways to solve a technological need.
Moreover, the boundary spanning mechanism identiﬁes a speciﬁc
network of solution-providers that will need time to respond to
the challenge since they must evaluate the potential success of
the technology solution. A NineSigma manager detailed how the
boundary spanning mechanism was  used in the halite problem:
You can tell immediately where it stands. It is very much
upstream-you could not expect to get anything off the shelf,
ready, just drop in an ingredient and that’s it. In this particu-
lar case, when we  selected the broadcast pool of contacts, we
focused a little bit more on the scientiﬁc community at the uni-
versity level, the lab level, rather than going to industrial parties.
So, we made sort of a balance between the pure scientiﬁc com-
munity and the industrial one.
The main difference between the scientiﬁc and sophisticated
paths is the knowledge distance to diverse scientiﬁc ﬁelds, which, in
the case of sophisticated paths, have clearly speciﬁed input and out-
put parameters. In scientiﬁc paths, the scientiﬁc ﬁelds are unknown
and distant, while in sophisticated paths, the technology ﬁelds are
local and aim to provide solutions that add value to existing prod-
ucts. For example, 3M’s alternative use of rooﬁng granulates to
address their post-consumer asphalt shingles problem appeared
to be a scientiﬁc path. A 3M manager explained why this problem
required a sophisticated path instead:
What we were trying to evaluate was the potential of a better-
value solution in going all the way back to the basic asphalt
shingles, and whether that would be more economically valu-
able. We  did not have enough information to understand how
you would make that separation and recovery. We  did not have a
good-enough understanding of the asphalt that would be incor-
porated.
Scientiﬁc paths differ from analogical paths in terms of the
impact of the requested solution, i.e., whether breakthrough or
disruptive solutions or new processes or technologies. An exam-
ple is Sealy’s effort to redeﬁne its foundation mattress. A senior
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rocess engineer from Sealy described this project as having spe-
iﬁc characteristics that warranted an analogical path:
Most projects are very linear and include process improvement
stages. This is a long-term initiative, and a lot of creativity has to
go into the actual activities of a project such as this. So, it is not
only about analytical reasoning, but also some team-building
and facilitating skills in order to make sure things are organized
and the momentum stays there. It is long term, and you make it
to a point where you realize that is not the best thing to do, and
even though time has been invested, you have to make sure you
have enough data to know that it is still a good initiative.
To sum up, each search path has speciﬁc objectives, characteris-
ics, selection criteria, and expected types of solutions (see Fig. 2),
nd the problem framing and boundary spanning mechanisms are
pplied differently (see Table 1). In the following section, we dis-
uss our ﬁndings in light of the extant literature on search and open
nnovation.
. Discussion
The present study adds to conceptual developments related to
he breadth and depth of the search space (Knudsen and Srikanth,
014; Levinthal and March, 1993), and investigates how decisions
bout search heuristics (Gavetti, 2012; Grandori, 2013; Nickerson
nd Zenger, 2004) can increase the possibility of identifying novel
olutions to problems. Based on the existing search literature (cf.
huja and Katila, 2004; Fleming and Sorenson, 2004; Gavetti and
evinthal, 2000; Laursen, 2012), we propose a depiction of search
n open innovation represented by a combination of two search
imensions: the search space, which can be either local or dis-
ant (Garriga et al., 2013; Laursen and Salter, 2006; Piezunka and
ahlander, 2015), and the search heuristics, which can be either
xperiential or cognitive (Felin and Zenger, 2014; Sieg et al., 2010;
pradlin, 2012).
In the proposed typology of search paths, we  found that the
ombination of search space and search heuristics helps to explain
rganizational search in open innovation by reinforcing the impor-
ance of reﬁnement search (exploitation) and innovative search
exploration) (Levinthal and March, 1981; March, 1991), or situ-
ted and scientiﬁc paths, respectively. We  introduce two  previously
eglected search paths (analogical paths and sophisticated paths).
oreover, combined with the use of innovation intermediaries
Chesbrough, 2006; Roijakkers et al., 2014), we propose that the
echanisms of problem framing (Baer et al., 2013; Kaplan, 2008;
on Hippel and Von Krogh, 2015) and boundary spanning (Fleming
nd Waguespack, 2007), in relation to the knowledge-seeker’s
roblem, are integral to each search path.
The problem framing mechanism offers the possibility to for-
ulate a technology problem by using familiar terminology, or
n alternative or competing problem understanding (Baer et al.,
013). More speciﬁcally, our study revealed how innovation inter-
ediaries interact with knowledge-seeking clients to formulate
heir problems into addressable technology needs for solution-
roviders. While this does not imply that interactions between
ntermediaries and knowledge-seekers lead to complete problem
ecompositions, the articulation into an RFP zooms in on speciﬁc
eeds that are bottlenecks to progress in technology development.
he contribution of problem framing is twofold: (a) it facilitates
he identiﬁcation of critical issues to solve problems, and (b) it
rticulates a distinct technology need that can be communicated
o a community of solvers not currently familiar with the speciﬁc
roblem setting.
The boundary spanning mechanism consists of identifying
otential areas, i.e., scientiﬁc and technological, as well as crowdsolicy 45 (2016) 125–136
of solution-providers that might be interested in solving the
speciﬁc problem. This mechanism facilitates the knowledge-
seeker’s access to a distant network of solution-providers (Jeppesen
and Lakhani, 2010). Our ﬁndings suggest that boundary span-
ning by innovation intermediaries contributes to bridging three
types of boundaries: (a) boundaries between areas of application
and knowledge domains, (b) organizational boundaries between
knowledge-seekers and solution-providers and (c) boundaries
between known and unknown solutions.
The intersection between the problem framing and boundary
spanning mechanisms addresses two gaps in the literature. First,
while distant search seems beneﬁcial for breakthrough innova-
tions, the large number of irrelevant solutions makes the evaluation
of distant solutions cumbersome (Piezunka and Dahlander, 2015).
We propose that more precise problem framing could reduce the
number and heterogeneity of proposed solutions, and increase the
possibility of ﬁnding an applicable solution. Second, Jeppesen and
Lakhani (2010, p. 1031) report that up to two-thirds of broadcast
problems remain unsolved. We suggest that the mechanism of
problem framing could be used to provide an alternative under-
standing to a speciﬁc problem and also increase the chances of
identifying an acquirable solution.
The four search paths and two proposed search mechanisms
have implications for scholarship in organizational search gen-
erally, and open innovation in particular. While the beneﬁts of
innovation intermediaries performing search for external knowl-
edge in local and distant technological ﬁelds in relation to problems,
or ideation and expertise-based projects, have been documented
previously (c.f. Sieg et al., 2010; Spradlin, 2012), relatively little
attention has been given to how search takes place, and what alter-
native search heuristics are applied in open innovation (Felin and
Zenger, 2014; Jeppesen and Lakhani, 2010). These observations
reinforce the need for a more reﬁned understanding of how search
takes place in relation to open innovation projects (Du  et al., 2014)
and problem solving (Von Hippel and Von Krogh, 2015). The empir-
ical ﬁndings from our study of 18 open innovation projects shed
light on when knowledge-seekers and innovation intermediaries
employ the four search paths in their quest for external knowledge.
In the case of situated search paths, the literature highlights
their beneﬁts for “clearly deﬁned, well-structured and simple
problems (i.e. non complex) or sub-problems” (Felin and Zenger,
2014, p. 921). Here, early stage or not-quickly implementable
solutions are not desirable. Analogical search paths involve rea-
soning via recombination across different knowledge domains
(Gary et al., 2012). Although analogical search paths are beneﬁ-
cial for technology-development problems, search across distant
technological boundaries requires combinative and collaborative
capabilities (Jeppesen and Lakhani, 2010).
While situated and analogical search paths are more advanta-
geous for problems that exploit feed-back from the problem at
hand, a routine development process, or learning-by-doing (Nelson
and Winter, 1982; Pisano, 1994), some authors suggest that the
use of different search heuristics, i.e., problem redeﬁnition, decom-
position, and knowledge abstraction from the knowledge-seeker’s
industry context, would improve the chances of obtaining success-
ful solutions to more complex problems (Sieg et al., 2010; Von
Hippel and Von Krogh, 2015).
Sophisticated search paths are aimed at novel solutions based
on concepts, theories, and models in adjacent domains (Tripsas and
Gavetti, 2000). Their success depends on the problem formulation,
which requires abstract representations or deductive reasoning.
We showed that innovation intermediaries can be helpful partners
with sophisticated paths, the framing of problems in abstract terms,
and the targeting of networks of potential solution-providers.
Hence, sophisticated search paths are suitable for decomposable
problems since they build upon path-deepening (Ahuja and Katila,
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004) and abstract reasoning, as these do not require extensive
oundary spanning due to commonalities with current solutions.
Scientiﬁc search paths are used to identify solutions to complex
nd novel problems involving substantial uncertainty. These types
f search paths require theory-driven conjectures, which involve
earching and exploiting distant knowledge domains. Although
ome previous studies suggest using ﬁrm-hosted user and inno-
ation communities to engage expert solution-providers to ﬁnd
nexpensive solutions to complex problems (Felin and Zenger,
014), these scenarios do not take into account expensive and
onﬁdential problems with very low hit rates, such as a need for
lternative sources of sodium (PepsiCo) or substitutes for formalde-
yde (L’Oreal).
. Conclusions
In this paper, we analyzed how search takes place when
nowledge-seeking ﬁrms use innovation intermediaries in open
nnovation projects to solve technology problems. We  summarize
ur main arguments, primary contributions, some limitations, and
uggestions for future research as (1) problems, (2) paths, and (3)
rojects.
First, the ﬁndings reported here contribute to recent theorizing
n search in open innovation that uses a problem-solving per-
pective (c.f. Afuah and Tucci, 2012; Jeppesen and Lakhani, 2010;
iezunka and Dahlander, 2015; Von Hippel and Von Krogh, 2015).
e add to this literature by showing the combined effects of both
earch space and search heuristics dimensions when knowledge-
eekers assisted by open innovation intermediaries search for
olutions to problems through innovation contests. As empirical
esearch on open innovation intermediaries is scarce (Chesbrough,
006; Roijakkers et al., 2014), we suggest that future studies can
se this setting to further empirically examine the viability and
ffectiveness of different search options in problem solving.
Second, we conclude that the combination of search space and
earch heuristics previously discussed in the literature (e.g. Gavetti
nd Levinthal, 2000) makes four distinct search paths available:
ituated, analogical, sophisticated, and scientiﬁc. 18 open inno-
ation projects were examined and classiﬁed according to these
earch paths. We  argue that one-dimensional search path con-
tructs (Tippmann et al., 2013) fail to recognize the range of
earch paths available in open innovation (Felin and Zenger, 2014).
oreover, there is little acknowledgment in the literature of ana-ogical or sophisticated search paths, while our study shows that
hey represent important search options. We  also indicated how
he mechanisms of problem framing (Baer et al., 2013; Kaplan,
No. of
interviewees
Name of the
organization
Position No. of
interv.
Name of the
organization
1 L’Oreal Open Innovation
Manager
1  Xerox 
1  Carl Zeiss AG Senior Manager,
Scientiﬁc Affairs
1 Kraft Foods 
1  Rheem
Manufacturing
Company BP PLC,
Reﬁning
Technology
Principal Engineer 1 Ferrero 
1  Process Tools and
Analytics Manager
1 Sherwin Willi
1  Sealy Senior Process
Engineer
1 The Goodyear
& Rubber Comolicy 45 (2016) 125–136 135
2008) and boundary spanning (Fleming and Waguespack, 2007;
Rosenkopf and Nerkar, 2001) operate in these search paths. As we
merely identify these search paths, future research could exam-
ine contingencies that inﬂuence their use, rate, and direction.
This should include variables identiﬁed in the recent literature
on search in open innovation such as problem complexity (Felin
and Zenger, 2014), incentives for solution-providers to contribute
their solutions (Boudreau et al., 2011), attention of knowledge-
seekers (Piezunka and Dahlander, 2015), accumulated experience
of knowledge-seekers with open innovation (Sieg et al., 2010), and
business models used by innovation intermediaries or third-party
platforms (Afuah and Tucci, 2012; Howells, 2006).
Third, despite the characteristics of search paths being general,
we conclude that much search takes place in projects. We  argue
that empirical observation and analysis of search paths requires
in-depth, project-level data to reveal both the search heuristics
applied and the search space covered. In projects, problems are
framed and boundaries are spanned. Our ﬁndings draw upon only
18 open innovation projects, and we  recognize ample opportunity
for future research on the project level to provide further expla-
nations of the processes and mechanisms in operation (see e.g.
Du et al., 2014). For instance, since successful open innovation
also involves the integration of external knowledge subsequent to
search (Lakemond et al., 2014), future research using both larger
and smaller samples of projects could investigate the conditions
under which project governance and project routines are applied
in different search paths.
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Appendix 1. Interviewed companies
Position No. of
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Open Innovation
Manager
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Health Care
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Development
Manager
Senior Associate &
Principal Scientist
1 Natura Director of Advanced
Research
Packaging
Development
Director
1 Sealed Air Research Scientist
(Open Innovation
Manager)
ams Technology Scout 1 International Assistant Director of
Copper
Association
Technology
 Tire
pany
Senior R&D
Associate
2 Hallmark Cards,
Inc.
Product Innovation
Manager, Senior
Engineer II
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ppendix 1(Continued)
No. of
interviewees
Name of the
organization
Position No. of
interv.
Name
organ
2 3M Display &
Graphics
Laboratory
Senior Laboratory
Manager, Laboratory
Head
2  Akzo
Deco
Coati
2  Philips Director of Open
Innovation; Senior
Engineer, Metals and
Ceramics (Cluster
Process Technology)
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